Introduction
A low level of soil phosphorus is a great obstruction to the growth and development of leguminous crops (Walley et al. 2005) . In leguminous crops, phosphorus promotes root nodulation, nitrogen fixation, nutrient-use efficiency, efficient partitioning of photosynthates between source and sink, and biomass production (Gitari and Mureithi 2003; Ogola et al. 2012) . However, phosphatic fertilizers are not only costly but also their supply is lower than their demand. Hence, it is highly desirable to explore the possibilities of saving phosphatic fertilizers without sacrificing economic yields. In order to reduce the use of chemical fertilizers, biofertilizers could play a crucial role by fixing the atmospheric nitrogen for the crops and/or by increasing the availability of phosphorus and other nutrients to the crops (Selvakumar et al. 2012) . The bacteria (biofertilizers) that live within the root zone promote plant growth and nutrient uptake by releasing auxins and gibberellins. Additionally, they increase indole acetic acid and gibberellic acid contents in plants (Selvakumar et al. 2009 ), which are the potent growth hormones in plants. Pulse crops have unique properties of nodulation through Rhizobium bacteria (biological nitrogen fertilizer (BNF)). These bacteria, through biological nitrogen fixation, meet about 80%-90% of the total N requirements of legumes (Verma 1993) . Likewise, phosphate-solubilizing bacteria (biological phosphate fertilizer (BPF)) have the capability to solubilize the residual or fixed soil P, increase the availability of P in the soil (Singh et al. 2008) , produce growth-promoting substances (Selvakumar et al. 2009) , and thereby increase the overall P-use efficiency of the crops. Thus, application of biofertilizers to leguminous crops may help in sustainable crop production. Due to the need for research on this topic, the present experiment was carried out on chickpea, which is regarded as one of the most important cool season food legumes in the world. The experiment was conducted with the aim of improving the performance of chickpea in terms of nutrient uptake, yield, and quality of chickpea in a costeffective manner, employing graded levels of inorganic P fertilizer along with N and P biofertilizers. soil) were applied to the soil prior to sowing. The form of the applied nitrogen and phosphorus was urea and single superphosphate, respectively. Four biofertilizer treatments [control (no inoculation; BF 0 ), Rhizobium ciceri (BNF), Pseudomonas striata (BPF), and BNF + BPF] were applied to the seeds prior to planting. Jaggery was prepared by dissolving 120 g of sugar in 1000 mL of water; the solution was boiled and then cooled. The BNF and BPF inoculants were then mixed with the sugar solution separately or in combination. Thereafter, the seeds were mixed with the respective biofertilizer treatments, taking care that all the seeds were equally coated with the biofertilizer slurry. Biofertilizer-coated seeds were spread on a polythene sheet and allowed to dry in the shade. The coated seeds were sown in the afternoon and covered immediately with soil so as to avoid direct exposure of the coated seeds to sunlight. Next, 5 g kg -1 of seed for each of the formulations of BNF and BPF was applied according to the treatments scheme. Ten seeds were sown in each pot. Finally, each pot carried 6 healthy plants. No special arrangements were made to control the environmental parameters such as rainfall, temperature, or humidity. The experimental pots were irrigated regularly at intervals of 3-4 days.
Materials and methods

Pot culture scheme
Determination of N and P in plant material
At harvest, the fine powder of oven-dried plant material was used for the estimation of N and P contents in the plant material. Two milliliters of analytical-grade concentrated sulfuric acid was added to 0.1 g of powder already transferred to a digestion tube. The mixture was heated on a Kjeldahl assembly maintained at 100 °C for about 2 h and then the content was cooled for about 15 min at room temperature. Subsequently, 0.5 mL of 30% hydrogen peroxide (H 2 O 2 ) was added. The addition of H 2 O 2 was followed by gentle heating at 50 °C, followed by cooling the content at room temperature. This step was repeated until the content of the tube turned colorless.
The nitrogen content was estimated according to the method of Lindner (1944) with a slight modification by Novozamsky et al. (1983) . A 10-mL aliquot of the peroxide-digested plant material was poured into a 50-mL volumetric flask. Subsequently, 2 mL of 2.5 N sodium hydroxide and 1 mL of 10% sodium silicate solutions were added to neutralize excess acid and prevent turbidity, respectively. The volume of the flask (50 mL) was made up with distilled water. A 5-mL aliquot of this solution was added to 0.5 mL of Nessler ' s reagent. The optical density (OD) of the resulting colored solution was recorded using a spectrophotometer (Shimadzu UV-1700, Tokyo, Japan) at 525 nm against a reagent blank in order to determine the nitrogen content in the plant material.
The method of Fiske and Subbarow (1925) , with a slight modification by Rorison et al. (1993) , was used to estimate the phosphorus content in the plant material. One milliliter of molybdic acid (2.5%), followed by 0.4 mL of 1-amino-2-naphthol-4-sulfonic acid was added to 5 mL of the sample solution. When the color of the content turned blue, its volume was made up to 10 mL using distilled water. The OD of the resulting solution was recorded using the spectrophotometer at 620 nm against a reagent blank in order to determine the phosphorus content in the plant material.
N and P uptake (mg plant -1 ) in the seed was determined using seed yield (g plant -1 ) and N and P content (g kg -1 ) in the seed. Stover N and P uptake was also determined similarly using stover yield and stover N and P content. Total N and P uptake was computed by adding the N and P uptakes recorded from seed and stover.
Yield attributes
At harvest, the plants of each pot were harvested above ground to measure the yield attributes, viz. seed yield and total biomass per plant, harvest index, 100-seed weight, number of pods per plant, and number of seeds per plant. The harvest index was calculated as (seed yield/total biomass) × 100.
Seed protein content
The protein content of the seed was estimated using the method of Lowry et al. (1951) . Seeds were ground to fine powder and the seed protein was extracted with 5% cold trichloroacetic acid. Later, 0.5 mL of Folin phenol reagent was added rapidly with immediate mixing. The content was maintained at room temperature for 30 min. The protein in the extract was determined using the spectrophotometer, recording the OD at 660 nm. The observed readings were compared with a calibration curve obtained by using graded dilutions of standard egg albumin (100 mg) solution.
Seed carbohydrate content
Total seed carbohydrate content was estimated as described by Sadasivam and Manickam (2008) . One hundred milligrams of seed powder was transferred into a test tube containing boiling sulfuric acid. The content was centrifuged at 4000 rpm. Subsequently, 4 mL of anthrone reagent was added and the OD of the resultant dark green solution was recorded at 630 nm. The reading was compared with the calibration curve obtained using the graded dilutions of glucose. The percent of seedcarbohydrate content was calculated on a dry weight basis.
Statistical analysis
Statistical analyses of the data were carried out according to randomized block design. All the parameters were subjected to analysis of variance (ANOVA), using a 2-factor factorial procedure. The 2 factors were inorganic phosphorus fertilizer levels and biofertilizer treatments. Fisher's least significant difference (LSD) test was used to test the significance of the differences between the phosphorus levels, biofertilizer treatments, and the interaction effects of phosphorus levels and biofertilizer treatments at P < 0.05 probability. The data were analyzed using SPSS-17 (SPSS Inc., Chicago, IL, USA).
Results
Seed yield and yield attributes
Main effects of phosphorus levels
In terms of the means across the biofertilizer treatments, phosphorus level P 60 gave the highest values while P 0 (control) resulted in the lowest performance for all the yield parameters studied. P 60 exceeded the control by 16.2%, 16.5%, 4.8%, 13.5%, 17.4%, and 17.9% with regard to seed yield, crop biomass, harvest index, 100-seed weight, number of pods per plant, and number of seeds per plant, respectively. Level P 30 was statistically equivalent to P 60 in terms of crop biomass, 100-seed weight, and number of pods per plant. P 30 was next after P 60 with regard to seed yield, harvest index, and number of seeds per plant (Table 1) .
Main effects of biofertilizer treatments
As indicated by the means across the phosphorus levels, the biofertilizer treatments affected all the yield attributes significantly. Treatment BNF+BPF gave the highest values for all the yield parameters, surpassing the control (BF 0 ) by 32.3%, 16.5%, 4.8%, 13.5%, 15.9%, and 5.4% in terms of seed yield, crop biomass, harvest index, 100-seed weight, number of pods per plant, and number of seeds per plant, respectively. Treatment BNF+BPF was statistically equivalent to BPF with regard to seed yield, harvest index, and number of pods and seeds per plant. Next after BNF+BPF was BPF in terms of crop biomass and 100-seed weight (Table 1) .
Interaction effects of phosphorus levels and biofertilizer treatments
There was a significant interaction between P levels and biofertilizer treatments with regard to seed yield and the yield components. Interaction P 30 × BNF+BPF gave the highest seed yield, crop biomass, 100-seed weight, and number of pods per plant. It surpassed P 0 × BF 0 , P 30 × BF 0, and P 60 × BF 0 by 50.0%, 45.7%, and 21.1% in seed yield, by 27.8%, 27.2%, and 10.2% in crop biomass, by 7.2%, 6.5%, and 4.4% in harvest index, by 28.6%, 15.3%, and 16.4% in 100-seed weight, and by 41.7%, 30.8%, and 30.8% in number of pods per plant, respectively. However, P 60 × BNF+BPF gave the highest value for the number of seeds per plant. Interaction P 30 × BNF+BPF was in the same statistical group as P 30 × BPF, P 60 × BNF, P 60 × BPF, and P 60 × BNF+BPF for seed yield. It was also equivalent to P 30 × BPF, P 60 × BPF, and P 60 × BNF+BPF for crop biomass. For harvest index, P 30 × BNF+BPF was statistically equal to several other interactions including P 60 × BNF+BPF. The P 30 × BNF+BPF interaction gave the highest value for 100-seed weight. Regarding the number of pods per plant, P 30 × BNF+BPF resulted in the highest value, which was statistically equal to values given by several other interactions including P 60 × BNF+BPF. However, P 60 × BNF+BPF was the only interaction that gave the greatest value regarding number of seeds per plant (Table 1) .
3.2.
Nutrient uptake and quality parameters 3.2.1. Main effects of phosphorus levels Phosphorus levels affected the N and P uptake and quality parameters significantly, as indicated by the means across biofertilizer treatments. P 30 as well as P 60 resulted in the highest values for N and P uptake as well as for seed protein content. However, P 30 gave the greatest value for seed carbohydrate content. Thus, P 30 proved to be the optimum P level, surpassing the P 0 (control) by 18.5% in N uptake, by 30.2% in P uptake, by 1.7% in seed protein content, and by 3.4% in and seed carbohydrate content (Table 2) .
Main effects of biofertilizer treatments
As made evident by the means across phosphorus treatments, the effect of the biofertilizer treatments was significant on N and P uptake as well as on seed protein and carbohydrate content. The highest N uptake, P uptake, seed protein, and carbohydrate content values were recorded as a result of the combined application of BNF and BPF (BNF+BPF), surpassing the BF 0 (control) by 33.7%, 28.7%, 1.7%, and 1.7%, respectively. Treatment BPF was, however, in the same statistical group as BNF+BPF with regard to P uptake and the content of seed protein and carbohydrate (Table 2) .
Interaction effects of phosphorus levels and biofertilizer treatments
The interaction between P level and biofertilizer treatment was significant for N uptake and the contents of seed protein and carbohydrate, with P 30 × BNF+BPF giving the greatest values. This interaction was equivalent to P 30 × BPF and P 60 × BNF+BPF in N uptake and to P 30 × BPF in seed carbohydrate content. Interaction P 30 × BNF+BPF surpassed P 0 × BF 0 , P 30 × BF 0 , and P 60 × BF 0 by 60.6, 40.2, and 27.3% in N uptake, by 4.5%, 3.7%, and 2.9% in seed protein content and by 5.8%, 3.79%, and 5.6% in seed carbohydrate content, respectively (Table 2).
Discussion
Seed yield and yield attributes
Leguminous crops require more phosphorus than other crops to attain optimum growth and productivity (Gitari and Mureithi 2003) . Therefore, the application of phosphorus has a dramatic effect on legumes when it is applied to soils low in phosphorus. Phosphorus helps leguminous plants in root-nodulation, efficient use of nutrients, dinitrogen fixation, and efficient partitioning of photosynthates from vegetative to reproductive parts (Gitari and Mureithi 2003) . As indicated by the main effects of phosphorus, P 60 gave the highest values for seed yield, harvest index, and number of , P 60 = 60 kg P ha -1 , BF 0 = no biofertilizer application (control), BNF = biological nitrogen fertilizer (Rhizobium ciceri), and BPF = biological phosphorus fertilizer (Pseudomonas striata).
seeds per plant, while the greatest value for crop biomass, 100-seed weight, and number of pods per plant was given by P 30 as well as by P 60 (Table 1) . Regarding the positive effect of phosphorus application on seed yield and the yield attributes, the present results agree with the findings of other research done concerning chickpea (Bahadur et al. 2002) and pigeonpea (Kumar and Kushwaha, 2006) . Concerning the main effects of biofertilizer treatments, BNF+BPF as well as BPF resulted in the highest seed yield, harvest index, and number of pods and seeds per plant. However, in the case of crop biomass and 100-seed weight, only BNF+BPF gave the greatest value. The present results match other findings that confirm the enhancement of seed yield and improvement in the yield components due to application of BNF (Nishita and Joshi 2010) , BPF (Chavan et al. 2008) , or BNF+BPF (Gupta et al. 1998; Tran et al. 2006; Kumar and Chandra 2008) for various leguminous crops including chickpea. The positive effect of a combined application of P fertilizer with N and P biofertilizers on seed yield and yield components of chickpea that has been revealed in this investigation has also been recorded by Dutta and Purohit (2009) . Values followed by the same letter in a column section are not significantly different according to Fisher's least significant difference (LSD) test at P < 0.05. P 0 = no phosphorus application (control), P 30 = 30 kg P ha Looking into the main effects of phosphorus levels, P 60 was significantly better than P 30 for seed yield, harvest index, and number of seeds per plant in addition to being statistically equivalent to P 30 for the rest of the yield parameters. However, P 30 × BNF+BPF was determined to be the best interaction between inorganic P level and biofertilizer treatment for seed yield as well as for most of the yield attributes (Table 1) . Comparing P 30 × BNF+BPF with P 60 × BF 0 (comparable with a single application of 60 kg P ha -1 ), it was evident that P 30 × BNF+BPF was substantially more economical as it gave a seed yield significantly higher than that given by P 60 × BF 0 . Thus, 30 kg P ha -1 could be saved just by the combined application of N and P biofertilizers (with a nominal cost) along with 30 kg P ha -1 . Moreover, the seed yield given by P 30 × BNF+BPF was equivalent to that given by P 60 × BNF+BPF, which also indicates a saving of 30 kg P ha -1 as a result of P 30 × BNF+BPF application. In this regard, the present results do not agree with other investigations claiming that P levels beyond 80-90 kg P 2 O 5 ha -1 (35-39 kg P ha -1 ) could be required to achieve the highest seed yield of chickpea and other legumes (Bahadur et al. 2002; Tewari and Pal 2005) . Instead, the present results advocate that a combination of suitable inorganic P level (30 kg P ha -1 ) and N and P biofertilizers could be the best fertilizer dressing to attain maximum seed yield and improved yield components as compared to applying higher inorganic P fertilizer levels, which exert a massive cost on the farmer (Jain et al. 1999; Meena et al. 2003; Dutta and Purohit 2009) .
Nutrient uptake
As indicated by the main effects of phosphorus levels, the present study showed not only the positive effect of P application on P uptake, as expected, but also its significant positive effect on N uptake (Table 2 ). This could be due to the overall improvement of plant growth and development as indicated by significant enhancement in crop biomass as a result of P application (Table 1) . These results are in conformity with those that report a significant increase in N and/or P uptake or their contents in the leaves or straw due to P application in chickpea (Walley et al. 2005) . Similar findings have been reported by other researchers in a rice-bean cropping system (Khanda et al. 2001) , pigeonpea (Kumar and Kushwaha 2006) , and soybean (Fatima et al. 2007) . The N and P biofertilizers used singly or in combination had a significant effect on N as well as P uptake, as indicated by the main effects of biofertilizer treatments (Table 2) . A positive effect of N biofertilizer on N uptake and/or on N content has been reported for groundnut (Elsheikh and Mohamedzein 1998) , chickpea (Gupta et al. 1998) , mungbean (Singh and Tarafdar 2001) , cowpea (Mayz et al. 2003) , and soybean (Patra et al. 2012) . The combined application of N and P biofertilizers was more effective for N uptake compared to their single application. Hence, the application of inorganic P fertilizer together with N and P biofertilizers resulted in better N uptake by the crop than that achieved by the single use of inorganic P fertilizer or of either of the biofertilizers. This indicates there is a synergistic effect of phosphorus and N and P biofertilizers on N uptake, which might have resulted in the overall improvement in seed yield and the yield attributes (Tables 1 and 2 ). In line with this investigation, a synergistic effect of the combined application of N and P biofertilizers on N and/or P uptake has been reported by Jat and Ahlawat (2006) and Dutta and Purohit (2009) in chickpea and by Tran et al. (2006) in soybean. In addition, Fatima et al. (2007) recorded increased soil fertility and uptake of N, P, and K due to the application of rhizobial strains and inorganic P fertilizer.
Quality parameters
In accordance with the main effects of inorganic P fertilizer and N and P biofertilizers, there was a significant enhancement in seed protein content owing to the application of phosphorus levels and N and P biofertilizer treatments in the present investigation, which might be ascribed to the increased N uptake of leaves due to these treatments (Table 2 ). The enhanced leaf N uptake might have increased the amino acid synthesis and thereby could have improved the seed protein content via their translocation to seeds. Further, the application of inorganic P fertilizer and P biofertilizer might have assured P availability and its subsequent utilization for the formation of carbon skeletons and for the synthesis of amino acids and ATP. That, in turn, might have led to an enhanced synthesis of protein during seed development. A significant effect of inorganic P fertilizer and/or N and P biofertilizer application on seed protein content has been reported for various leguminous crops, viz. chickpea (Aslam et al. 2010) , groundnut (Elsheikh and Mohamedzein, 1998) , Cassia tora (Naeem and Khan 2005) , mungbean (Singh and Tarafdar 2001) , soybean (Tewari and Pal 2005) , and black gram (Selvakumar et al. 2012) . There is also a beneficial effect of the application of inorganic P fertilizer and N and P biofertilizer treatments on seed carbohydrate content (Table 2 ). In view of the vital role of phosphorus in carbohydrate metabolism (Taiz and Zeiger 2006) , the application of phosphorus and N and P biofertilizers might have resulted in the increase of carbohydrate content in seeds in this study. Accordingly, the interaction of inorganic P fertilizer levels and N and P biofertilizer treatments resulted in the highest content of seed protein and carbohydrate, with the optimum interaction being the one that also proved optimum in the case of yield parameters, i.e. P 30 × BNF+BPF.
In conclusion, the application of inorganic P as well as N and P biofertilizers improved N uptake along with most of the yield and quality attributes studied when compared to no application of phosphorus (P 0 ) or biofertilizers (BF 0 ), as shown by the main effects of the phosphorus levels and biofertilizer treatments. In addition, P 60 yielded significantly more than P 30 when used alone. A combined application of N and P biofertilizers (BNF+BPF) was generally better than the single application of either of these biofertilizers. The interaction of the phosphorus levels and biofertilizer treatments was significant for most of the parameters studied. P 30 × BNF+BPF, which was also in the same statistical group as P 60 × BNF+BPF regarding N uptake, seed yield, and most of the yield parameters, proved to be the most advantageous and cost-effective interaction for yield parameters, N uptake, and seed quality parameters. Thus, N and P biofertilizers applied along with 30 kg P ha -1 could save 30 kg P ha -1 of the costly inorganic P fertilizer. In a nutshell, this study advocates that application of 30 kg P ha -1 together with N and P biofertilizers could be used as the optimum combination of inorganic P level and biofertilizer treatment for chickpea production.
